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TYPICAL SETUP 


FIGURE III C 








Equipment 


Piping 

The basic pipins consisted of three inch nominal 
diameter seanloss stecl tubin~ flanred together in series. 
For clarity, the first section shall be called the unstream 
section, the third called the downstream s@ction, and Che 
center section called tie test section. ne upstrear section 
was nine feet in lenrth with a bundle of $" dlaneter tubing 
two pipe diameters in loneth placed in the inlet end for the 
purpose of straightenins the flow. seven test sections were 
used of lengtha varying from 23" to 4e". The downstream 
section was 64 fect long and had a zooseneck fitted on the 
outlet end which returned the water to the supply level thus 
keeping the test section full of water even et low rates of 
flow. Pressure taps were installed in the walls of all 
sections of the piping as well as in the flanrses. The holes 
in the flanges were 1/8" in diameter and those in the piping 
were 1/16" in diameter. The upstream section had five taps, 
the downstream had twelve taps and each test section had a 
number consistent with tho lenctth of thet particular section. 
All taps were stazsered so as to minimize the influence of 
any one tap upon the next in the line of flow. ‘aps were 
installed in the top of the pipe before and after eacn orifice 


plate to vent any possible trapped alr. 
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The Curves of Discharges Coolfficlents versus Reynolds 
‘Runbersg shown in figures IVRAXAYE incicate that the dis- 

CO arge coerficient based on any Bet of tans 16 practically 
independent of the Reynolds Rumber for the rancse inves- 


be 


Ligeted. These clots show the <lscharge ooerricients of 
@ two orificesa in series vased on three caifferent sets 


‘ 
ut: 
of oclos tunes. Ky0 is paged on rudius taps located one 
radius upstreaa unc downstream from the firat crivice 
plate. O14 is Dared on racius tape. located one radius 
upstream fren. tie Cirst orifice plate anc one radius Jowne- 
stream from the seconc (or downetreas) orivice plate. bao 
is based on piffe tans locutes Of vipe clameters upstream 
from the farct orifice pluve and 3 pipe dienmetars downe- 
“tresa from the second orlrice rlate.e For the cases using 
tha O.3 pipe Jiameter orifice patio upgtrean a cenarture 
from this trend is noted which can be atiributed to the 
Lre2 of procitaion in sagasuring low retes of Plow. In all 
Other cases, howaver, tne curves are consistently straight 
an? narallel to the abscissae. 

The clots of VYartation of Discharse voerricient with 
Upstread cricice Yatio crown in -igures .tnViiel incicate 


that the cose.Ticleut of the upstream orifice 4... ie in e- 


Le 
pendent of tie ualstence votweon the orifices piates und the 
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Thia development fixes the end points or theze curves. 
Just how these curves vary outelde the region shown is 
unknown, but it is considered thst the range of uwrestest 
interest was oovered in this investigation. 

Figures LI - LV are cross curves which were constructed 
from Figures IV - XXXVI to illustrate the variation of 
Discharge Goetficient versus Crifice spacing. From these 
curves it is evident that the rensge in which the distance 
dsetween orifice plates is effective in luproving the discharge 
coefficient lies within the four pipe diameter svacing dis- 
tance, The cischarage coefficient 15 extensively constant 
for spacing, ratios greater than this valu@e 

I~ is to be noted that the single oriiice arranzement 
sives @ hisher discharge coefficient than coca any double 
orkfice combination studied in the apucing range greater 
then four dismetera. Henee the doupie orifice is oF doubt 
Ful value with ep.cing ratios greater than four ciameters. 

With spacings retios less tran rour dicmeters the dise 
cnarce 09 “ficient tends to inerease with decrease in 
spacing ration. With upstrecm orifice size seller then that 
of the downstream orifica, the diccharge coerTicient passes 
through a peek and terminates at Zero spacing with the value 
the upstrenum crifice would have as @ sincsle orifice. With 


the upstream orivticea sizes esucel to or larger than the 








ar 


Noted 


Gownstream orifice, ne peek was reached. however, the 
Closest spacing used in the experiments was not aue uate 
to define clearly the region below Qe356 pipe clametors. 
It is «<nown only that the final value at zero spacing will 
oe that corresponding to the smaller of tha two orifices. 
raigure LVI illustrates’ the average statio pressure 
gracgient in the vicinity of s gsinsle oritice. Cione to the 
dniet side of the oritice tre static pressure incraarges 
slishtiy and reaches ite maximum value at the entrance to 
the orifice. The pressure droos abruptly es the fluid 
fiows through the orivice, ena on the outlet side the 
pressure continues to decrease slightiy until a minimung 
value is reached. ‘This ttinumum value known a3 ths Yena 
contrecta voint occura @ short Gistance beyond tho orllicge. 
(Ref. 4. - 9. 36). Beyond the Vena Contracta the pressure 
increases slowly at first, then ravidly for a short distence, 
then azgoin more slowly until its segeond maximum is reached. 
The static orsesurs curves were plotted on a percentase 
basis with unity representing tho uifferenee oetween th 
qinimum pressure upstream and the ‘alnimum pressure reached 
within the system. when clotted in this manner the second 
maximum is equsl to the per cent recoverye. The osvtent oes 
ie the citference oetween 10C percent ancl the parecent 


recoverye The per cent loss sxpres¢e] as a fraction is 








nearly evunl to one sinus the square of the orifice dlameter 
ratio (Ref. 4.4). 

fhe wakinum reeovery For the single orifice was reached 
&t about four pipe Ciameters regurdless of orifice Gizee. In 
teating tra couble crifies ¢ombingtion & much greater specineg 
Patio wes used to verity the belle? that an orifice placed 
atl any greater cistance downstream than that necessary for 
fuli reeovery in @ single orifice would set as another 
separate aingle orifiee independent er any orifice logeted 
further upstream. This fact can be veriSied oy looking at 
the m' * 0.5 curve of Figure LVIZ (or the m' @ 0.6 curve of 
Ficure LVIII@. This shows that the per cent drop acrose 
the vuostream orifice is equal to the per cent drop @crdéss 
thse downstream orifice for eaual eigsec orificese 


: d 
“isupea LAL to UNITY show that an inecreace in pressure 


BCross ean orifice is obtained when an orifices silshtiy 
groller is pleeau upeatresm., Fagures O.V and Lavi aio that 
when the spacing is aade ataller even én e.uo2l sized oritise 
uUDetreai caurnpec @ Pvensure risé acrose the downstrean orlfice. 
This pressure rice is interpreted as f@liows. The flow 
through any orifice eontracts and expancs eas illustrated in 
tie sketches of Figure LAIX. Whenever the cownetrean orifice - 
Gglosely ppproximatoe tne slee cf tne jet, & yproeesure rice 


asrona thia orifice will ocour. Thoes cconbinations which * 
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produce #® pressurd¢d rise acrose the seconc orifice attain 
their maxiauga pressure recovery in a shorter axial distance 
than that required py & wirygle orifice, The second ozivzice 
creates @ Gre@ég cn the sdee of the hish velocity stream and 
CAUSES the stream tO Giverge more paplidly than if it. were 
left undisturbed, This civergenvce causes sore rapid cone 
version of the kinetic enersy into potential enerzy in the 
corn of static pressure. This second orifice also confines 
and restricts tl.o reyion of sday notion producec by the 
upstream orifices 

the actucl pressure curves delineated by the date 
obteined for any flow rate ror any test setup were ell 
Siindlar in shape and, when plotted on a percentarze basis, 
coincided. This similerity in shape is to be expected 
Since the discharss coaerficlent is practically incependent 
of Reynolds Numbere 

Figures LAVEL and UCTIII ere cess curves of the static 
pressure curves teaxen in the maximum recovery region downe | 
stream of the test section. They indicate oritice aombina- 
tions and spacings that oroduce the best recovery for the 
sane available npeaguring heade 


The curves of 4aximun Recovery versus Spacing Listence 





are siuviler to the curves of Jischomze Coefficient veraus 
Specing Distance in that trey both show increased valuea in 


the spacirms range less then four pine dlaneters. 





oe 
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These latter curves. are useful in wnulyzing the merits 
of the douvlo eMifice bessuse they indieate thet tho recovery 
Of any single orllice can be improved without reducing tts 
av@ilabie meesurins heec. This can de done by placings an 
erifice downstream which is approximately the S020 Sine oF 
lurger than the first. As an example, asaame thet a 065 
Singte orifice is to be inotelled $o Maagure & certain 
renase of flow ratoe with @ particular range of neasuring 
hetzéas. Figures (671i) and Lavill indicate that either a 
CO. OF CoG oritice placed alishtly less then ones ciameter 
downatrean will give a fisher recovery prearure with the 
sane availeole measuring; heud across tho viret orifice. 
Thia exnmple cun be extended to illustrate that any aingle 


Orifice can be improved by a oraper corble orifice comsination. 











Le A pressure rise throuchn the second orifice of @ 
couple orifices combinaticn La obtained when the axial 
epecing ostween them 4s less than ebout 2.6 pipe Giameters. 
and wien the riret orifice diameter Le énpproximately equal 
to or legs than that of the sesonce 

ae When the orifices are separsted by sore tian about 
4 pipe dlameters both omTices act indepencent cr each 
other; whereem the discharse coefficient of the upstrean 
orifice is always independent of the downstream orifliee 
Bize and location. 

De The <ischarge coefficient for the doublé@ orifice 
was incgependent of Reynolds Humber in the ranze of inves- 


+ 402% 10°). 


tigation (4 x 16 
4, 4m inergaso in discharge rate through an orlillee 


for the same flow head ¢an be obteimed by plaeling another 


¢-» 


orifice in series with it euch that a precsure rine occurs 
across the second orifice. 

5. 4A double orifice combination can be devised which 

will heave. the saae available measuring head as a single 
orifice but with a svaller pressure los9. Stenderdcized 
coefficients for the single orifice can be used for tha 
ostream orifices sincs 1¢ has been shown to pe invepsndent 

of the snaeing distance and the size of the downstream orifices 
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Es rurther inveetisutions shouls oe aade in the range 

ef oririce apacings of vero to one plne clsmeterss 

2 It is sugserted thet in Curther studies other orifice 
combinations should be used, ponsibly holding the unstlreaa 
eize couateant and varying the Gownatrean size over a limited 
TANGO @ 

br In this inveetisation it was found that the centmfte 
UGaAl pump usec caused siicnt nulsations Ln pressures hence, 
it is recommended that a standvipe with constant heec »e 


4 3 4 . 
foes oy Futur wor... 
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Ae It is racommenced thut flow meusurements in the 
teets be made with two oritrices uc arranged that @ orocod 
fan.@ of Tice cen be a@asul®.. # 8 Ll orltice ter be ues 
im wearufias, low races er flow gehl a Large one for high 
metes of flow. “This arraunce sant Qnoui.a ba sesy tc devise 


€ 
ES me tee. @cuisment should of aoe of some mone 


6» it is sucgested thet photoxrenhy se usaa to analyze 
ore Llow ecn ititons. This wou'ic require the use of tyo~ 
Gimonetoenel Clee and itu extrarolation to the three- 


digernalonal cas@e 
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All pipe tap @latances ere viven in inches frowa the 
upetroam Dlenge face. When bcitsd together, tha epace 


setween flange faces in 5/16". Crifice pletes ere 1/S" thick. 


43 inoh Section 36 9/16 inch Seetion 
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SAMPLE CALCULATIONS 











Discharre Coefficients : 
Q ee K A 1 Z 5 an ( Cubic feet per minute ) 
A a DY 
a A = Area ( square inches ) 
A 
ft a min 
— x 
K = Q mid. tt 22a 6bOsec 


Paget “Teo Gn) 
QQ <2 ZS eS 
= = =“ ee #1 Ste 
Di Ah q V2q 0.786772 h 











Example 


= 


= 12 cubic feet per minute 
me Oseepipe cdilamever 


=VOpomo.eo) = 1.625 imeem 
Ah = 92 inches of water 


31912 0" (12) 
- C i ee — Q. 6235 
(1.625492. 764 (496) 
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Reynolds Number, I? 
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Example 


= 2 Cubie feet per minute 


i 


1.625 inches 


We degrees 


\\ 


Sd Sa 
\I 


O0,.0000099 square feet per second for 74°F 


orass(iz) ss 3. 08 
Ke . 


-§ aa 
2 CU SC 
0.99 (10°) (1.625) l.61 
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SaMPLE OF CaLCULATION USED IN THE CONSTRUCTION OF THE CURVE 


OF VARIATION OF STSTIC PRESSURE 


h 


inehsse of 
water 





X 100 = 100% change in static pressure 


X 100 


For example, 


(100) = 62.5% 
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